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containing a high proportion of carbon are harder, when
quenched, than those with a low proportion of carbon.
The solid solution is formed from iron and iron carbide.
The iron is soft, but the solution is not. If, therefore,
the solution is concentrated, it is likely to be harder than
if it is dilute. The concentration of the solid solution
depends upon the quantity of carbon in the steel, and
hence it would be expected that the higher the carbon
the harder would be the steel, when in the complete solid
solution condition.

To impress the effect of hardening, a few examples of
the changes of mechanical properties which are induced
by the operations of hardening may be quoted, the test
results showing the properties of carbon steels after they
have been cooled in air, oil, and water from different
temperatures. It is well known that the rate of cooling
in oil is not so high as that of cooling in water, hence the
preservation of the solid solution is not so perfect, and
consequently it is to be expected that the degree of
hardening which has been effected by cooling in oil is
not so high. Suitable test results are given in Table 3.

THE EFFECT OF ALLOYING ELEMENTS UPON
THE HARDENING OF STEELS.

All that has been written above has to do with plain
carbon steels. Such steels do not meet all the require-
ments of the engineer as regards mechanical properties,
and are by no means the only steels which are heat treated.
It is necessary, therefore, to consider what changes are
introduced into the fundamental processes by the addition,
to the steel, of certain percentages of such alloying elements
as nickel and chromium. It will probably be sufficient
to consider only these two elements, both singly and
together.

For the nickel steels, it is not so easy to present the
facts in a diagrammatic form as for the plain carbon
steels, since in a nickel steel there are three possible